WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCX 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification ^ : 

GOIN 33A)4, 33/68, AOIK 67/02, A23C 
9/20, C12Q 1/68 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



WO 96/14577 

17 May 1996 (17.05.96) 



(21) International AppUcation Number: PCT/NZ95/001 14 

(22) International Filing Date: 3 November 1995 (03.1 1.95) 



(30) Priority Data: 
264862 



4 November 1994 (04. 1 1 .94) NZ 



(71) Applicants (for all designated States except US): THE NA- 
TIONAL CHILD HEALTH RESEARCH FOUNDATION 
[NZ/NZ]; Mount Street, Auckland (NZ). THE NEW 
ZEALAND DAIRY BOARD [NZ^Z], Pastoral House. 25 
The Terrace, Wellington (NZ). 

(72) Inventors; and 

(75) Inventors/AppUcants (for US only): ELLIOTT, Robert, 
Bartlett [AU/NZ]; 45 Seaview Terrace. Auckland (NZ). 
HILL. Jeremy, Paul [GB/NZ]; Ttie New Zealand Dairy 
Research Institute. Fitzhcrbert West, Palmerston North 
(NZ). 

(74) Agents: BENNETT, Michael, R. el al.; AJ. Park & Son, 
Huddart Parker Building, 6th floor, Post Office Square, P.O. 
Box 949, Wellington 6015 (NZ). 



(81) Designated States: AL, AM, AT. AU, BB. BG, BR, BY, CA. 
CH, CN, CZ, DE, DK, EE, ES, FI, GB, GE, HU, IS, JP, 
KE. KG, KP, ICR, KZ, LK. LR, LS, LT, LU, LV, MD. MG, 
MK, MN. MW, MX, NO, NZ, PL. PT. RO, RU, SD, SE, 
SG. SI, SK, TJ. TM, TT, UA, UG, US, UZ, VN. European 
patent (AT, BE, CH, DE, DK, ES, FR. GB, GR, IE, IT. LU, 
MC. NL, PT, SE). OAPI patent (BF, BJ, CF, CG, CI, CM, 
GA, GN, ML. MR. NE, SN, TD. TG). ARIPO patent (KE, 
LS, MW. SD, SZ. UG). 



Published 

With international search report. 



(54) Titie: METHOD OF SELECTING NON-DIABETOGENIC MILK OR MILK PRODUCTS AND MILK OR MILK PRODUCTS SO 
SELECTED 

(57) Abstract 

TTie invention is based on the discovery that certain variants of )3-casein may induce Typc-l diabetes in susceptible individuals while 
other variants do not. The mvention consists of the selection of non-diabetogenic milk producing cows and recovering and processmg their 
milk and milk pitxiucts. Another aspect of the invention is selectively breeding cows which produce the non^iabetogcnic milk. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AT 


Austria 


GB 


United Kingdom 


MR 


Mauritania 


AU 


Australia 


GE 


Georgia 


MW 


Malawi 


BB 


Barbados 


GN 


Guinea 


NE 


Niger 


BE 


Belgium 


GR 


Greece 


NL 


Netherlands 


BF 


Burkina Paso 


HU 


Hungaiy 


NO 


Norway 


BG 


Bulgaria 


IE 


Ireland 


NZ 


New Zealand 


BJ 


Benin 


IT 


Italy 


PL 


Poland 


BR 


Brazil 


JP 


Japan 


PT 


Portugal 


BY 


Belarus 


KE 


Kenya 


RO 


Romania 


CA 


Canada 


KG 


Kyigyitan 


RU 


Russian Federation 


CF 


Central African Republic 


KP 


Democratic People's Republic 


SD 


Sudan 


CG 


Congo 




of Korea 


SE 


Sweden 


CH 


Switzerland 


KR 


Republic of Korea 


SI 


Slovenia 


CI 


cote d'lvoire 


KZ 


Kazakhstan 


SK 


Slovakia 


CM 


Cameroon 


U 


Liechtenstein 


SN 


Senegal 


CN 


China 


LK 


Sri Lanka 


TD 


Chad 


CS 


Czechoslovakia 


LU 


Luxembourg 


TG 


Togo 


CZ 


Czech Republic 


LV 


Latvia 


TJ 


Tajikistan 


DE 


Germany 


MC 


Monaco 


TT 


Trinidad and Tobago 


DK 


Denmark 


MD 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


US 


United States of America 


FI 


Finland 


ML 


Mali 


uz 


Uzbekistan 


FR 


France 


MN 


Mongolia 


VN 


Viet Nam 


OA 


Gabon 











wo 96/14577 



- 1 - 



PCTANZ95y00114 



METHOD OF SELECTING NON-DIABETOGENIC MILK OR MILK PRODUCTS AND 
MILK OR MILK PRODUCTS SO SELECTED 

TECHNICAL FIELD 

This invention relates to a method for avoiding the triggering of Type 1 diabetes 
in humans by the ingestion of milk or milk products. More particularly, the method 
relates to the selection of milk which does not contain a diabetogenic factor by selectmg 
cows producing milk which contains any variant of p-casein which does not stnnulate 
diabetogenic activity in humans (a non-diabetogenic variant) to the exclusion of any 
variant of P-casein which does stimulate diabetogenic activity in hmnans (a diabetogemc 
variant). 

BACKGROUND ART 

Type 1 diabetes occurs in individuals who are geneticaUy susceptible. However, 
even in identical twins, diabetes may occur in one and not in the other The present 
invcntionrelies upon die discovery of an enviromnentaltriggerfor Type 1 diabetes which 

operates very early in life. 

Tic evidence 4at ftis envi«>nmeMal trigger is to be foand m cows nulk .s based o,^ 
epidemiologic^ (UsUe et .1, 1994). ecological (Virtanen e. al, 1993 and ammal 
eU-e-^l evidence (EUiott & Martin, 1984 and Elliott 1992). The dtabetogemc fector 
o7.he nnlk appears to be in the casein fraction (Ellion et al, 1992). at leas. n. the non- 
obese diabetic (NOD) mouse. Whey protein does no. appear .o,con«m 
componen. (EUiott e. al, 1992). 1. has been suggested that bovme serum albumin (fiSA) 
a protein found in the whey fraction of cows milk is the diabetogemc componen, of cow 
nL(Sheard. 1993). However, a review of flte evidence supportmg flus flteory does no. 
indicate tita. BSA was ever tested for diabcogenic activity in the absence of P-ca«m^ 
International PCT Application WO95/10537 discloses a method of producmg 
denatiired bovine sermn albumin milk producu. » is stitted that the consumption of 
denatured BSA milk products tends .0 reduce .he likelihood of a pe«on acqmnng type 1 
diabetes However, there is no evidence presented of any tiials where etther hmnan or 
"subject we;e fed miUc or miDc producU <l»amred BSA. I. "P- 
theoty mentioned above that BSA is .he diabetogenic component of cows milk (Sheard _ 
I993T In European Paten. AppUcation 629.350 fltere rs descnW a method of 
hydrolysing cows .1= protein to produ« . hydrolysates subst^ttially free of a^^ergemc 
L hydn>lysa« also is suggested .0 be useful in fte prophylaxis and treatment 
'f .ype I diaJes melitis in chUdren susceptible .0 such disease. In the descnptton on 
pagT6 of that specification it is suggested flta. BSA may be a mgger .0 Ute unmune 

suBsnnm. shect (rule 26) 
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system. However, there are no examples in the patent specification and no reference to 
any papers showing any direct evidence of this suggestion. 

In South Afiican patent specifications 61/1804 laid open on 28 June 1961, 61/2068 
laid open on 20 September 1961 and 62/600 laid open on 4 July 1962 there are described 
5 compositions alleged to be cures for diabetes. There are no examples of any trials in 

support of these assertions. The compositions consist of casein as a base and fiiiit and 
leaves of South Afiica plants. It is inferable fi-om ttie description that the active ingredient 
is the plant material and there is no mention that casein has any role in causing or curing 
diabetes. 

1 0 We have now tested the Al and A2 variants of P-casein and a whey protein on NOD 

mice and found that the Al variant does have diabetogenic activity while the A2 variant 
and whey protein do not show diabetogenic activity. 

It is an object of one aspect of the invention to use this finding to go some way to 
selecting milk and milk products which do not contain a diabetogenic factor in such milk 
1 5 or milk product or at least to offer the public a useful choice. 

It is an object of anoflier aspect of this invention to go some way towards selectively 
breeding cows and bulls whose ofi&pring produce milk which is not diabetogenic or which 
at least offers the public a useful choice. 

20 DISCLOSURE OF THE INVENTION 

Accordingly, the invention may be said broadly to consist in a method of selecting 
milk for feeding to diabetes susceptible individuals which comprises testing milk fi-om 
identified cows for the presence of variants of P-casein and selecting those cows whose 
milk contains any non-diabetogenic variant and does not contain any diabetogenic variant, 
25 and milking separately the non-diabetogenic variant milk producing cows and recovering 

and maintaining their milk separately fi-om milk from any other source. 

Preferably said non-diabetogenic variant is the A2 variant of B-casein. 

Altematively said non-diabetogenic variant is the A3, D or E variant of fi-casein. 

Preferably said diabetogenic variant is the Al variant of B-casein. 
30 Altematively, said diabetogenic variant is any one of the B, C and F variants. 

Preferably, said recovered milk is tested for the presence of any diabetogenic variant 
and discarded if any is found. 

Altematively, said method of testing comprises the use of mass spectrometry. 

In one embodiment said mass spectrometry comprises electro spray ionisation mass 

35 spectrometry. 

Altematively, said mass spectrometry comprises fast-atomic bombardment mass 

spectrometry. 
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Preferably, said method of testing comprises polyacrylamide gel electrophoresis 

using an acid urea gel. 

Preferably, said process includes the additional step of processing said milk into milk 

products. 

There are a large number of processes known to those skilled in the art for 
converting milk into milk products. These range from separating cream from whole milk 
to produce skim milk through to the use of microfiltration and ultrafiltration to produce 
a wide range of products such as those described in international appUcation 
PCT/NZ95/00086, the specification, claims and drawings of which are incorporated 

herewith by reference. 

One particular product of interest fixim Ihe aforementioned international application 
is milk protein concentrate. This may be prepared by other processes such as that 
described in IDF Special Issue No. 9201, (1991), Chapter 5 entitled "Milk Protein 

Concentrate", A. Novak. 

Another milk product according to the invention is casein derived from non- 
diabetogenic milk by any well known casein producing process such as described in 

Southward et al, 1980. 

The invention may be said broadly to consist in milk selected according to die 

process herein above defined. 

The invention may also be said broadly to consist in a non-diabetogenic milk product 
prepared by any one of the processes described herein above. 

The invention may also be said broadly to consist in a method for reducing the risk 
of contracting type 1 diabetes in a susceptible individual which comprises restricting the 
milk or milk product intake of that individual to milk containing only a non-diabetic 

variant of beta casein. 

Preferably, said susceptible individual is an infant or young child. 

The invention may also be said broadly to consist in a method of selecting milk for 
feeding to a Type-1 diabetes susceptible individual which comprises testing milk from 
identified cows for die presence of the hexapeptide Pro-Gly-Pro-He-His-Asn, or a protein 
fragment containing the hexapeptide Pro-Gly-Pro-Ile-His-Asn and selecting tiiose cows 
whose milk does not contain said hexapeptide or said protein fragment containmg said 
hexapeptide, and milking separately tiie cows whose milk does not contain tiie said 
hexapeptide or said protein fragment containing said hexapeptide and mamtainmg tiieu 
milk separately from milk from any other source. 

Preferably, said separated milk is also tested for die presence of said hexapeptide or 
said protein fragment containing said hexapeptide and any milk which does contain said 
hexapeptide or said protein containing hexapeptide is discarded. 
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Preferably, flie method of testing for said hexapeptide is by using chromatographic 
purification of said hexapeptide followed by amino acid sequencing. 

Preferably, said process includes the additional step of processing said milk into milk 
products. 

5 The invention may be said broadly to consist in milk selected according to the 

process herein above defiined. 

The invention may also be said broadly to consist in a non-diabetogenic milk product 
prepared by any one of the processes described herein above. 

Preferably, said susceptible individual is an infant or young child. 
10 In another embodiment the invention may be said broadly to consist in a method for 

selecting breeding cows which produce daughters whose milk is not diabetogenic to 
susceptible children vMch comprises determining the genotype of said cows and selecting 
Aose whose daughters produce milk which does not contain the diabetogenic factor 
present in p*casein. 

15 Alternatively, the invention may be said broadly to consist in a process for 

selectively breeding bulls which produce daughters whose milk does not contain the 
diabetogenic fiictor present in p-casein which comprises determining the genotype of said 
bulls and selecting those which daughters which produce milk which does not contain the 
diabetogenic factor present in P-casein, 
20 Preferably, the phenotyping of daughters to determine the genotype of said bull is 

done by testing the milk of said daughters for absence of diabetogenic variants of P-casein 
and the presence of non-diabetogenic variants of P-casein. 

Alternatively, said cows or bulls are genotyped directly by using appropriate probes 
and polymerase chain reaction technology. 
25 hi another embodiment the invention may be said broadly to consist in cows selected 

in accordance with the immediately preceding method. 

In a still further embodiment the invention may be said broadly to consist in bulls 
selected in accordance with the above defined method. 

In a still further embodiment the invention may be said broadly to consist in semen 
30 of bulls selected in accordance with the above defined method. 

In an alternative to any of the above processes or products the milk or milk product 
is goats milk or milk product, sheep's milk or milk product, buffalo's milk or milk product, 
or milk or milk product fi'om any other mammal which is fit for human consumption. 
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10 



15 



20 



25 



30 



35 



BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a photograph of PAGE bands of P-casein variants. 

Figure 2 is a protein sequence representation of the bovine P-casein Al variant. 

Figure 3 is a bar graph of differences in antibody levels to mixed B-casein variants 

in human patients of different ages with recently diagnosed diabetes against controls. 

MODES OF CARRYING OUT THE INVENTION 
Milk Protein Polymorphism 

Following the initial discovery by Aschaffenburg and Drewiy (1955) that the major 
whey protein in milk, p-lactoglobulin is found in a number of variant forms, all major 
milk proteins (a^.-casein, a^^-casein, P-casein, K-casein and a-lactalbmnin) are now also 
known to exist as a nmnber of variant piotein species, due to genetic polymorphism at die 
gene loci coding for these proteins (Grosclaude. 1988. Ng-Kwai-Hang and Grosclaude, 
1992) The primary sequences of the casein proteins and a comprehensive hst of the 
amino acid sequence changes that give rise to the variant forms of these proteins is given 
by Swaisgood (1992). Ng-Kwai-Hang and CSrosclaude (1992) and Visser et al (1995). 
The protein P-casein has eight variant forms: 



Al 



A2 A3 B C D E 



As highlighted by Ng-Kwai-Hang and Grosclaude (1992) the A2 variant is 
considered to be the original variant type of the Genus , , ,ogo. 

Because tiie milk protein genes are expressed codominantly (Mepham et al, 1992 , 
individual cows produce milk containing either a single variant form of P-casem (Al Al, 
A2A2 A3 A3 phenotype cows etc) or a mixmre of two variant forms of P-casem (Al A2. 
A1A3. A2A3 phenotype cows etc). The frequency of P-casein phenotypes m a sample 
population of New Zealand dairy cows expressed as percentages is set out m Table 1. 

TABLE 1 
Phenotype 



Breed 


AlAl 


A1A2 


A1A3 


AlB 


A2A2 


A2A3 


A2B 


BB 1 


Friesian 


21 


43 


0.1 


5 


24 


0.16 


5.6 


0.4 1 
6 1 


Jersey 


0 


9 


0 


5 


46 


0 


34 
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The predominant P-casein variant from the Indian cow (Bos indicus) is identical in 
its amino acid sequence to tiie A2 variant of the common dairy cow (Bos taurus). The 
Maasai people of Central Africa drink large quantities of cows milk from Bos indicus 
from very early life, but do not develop diabetes, whereas Finnish people who drink 
similarly large quantities of milk from mixed Bos taurus herds have a very high diabetes 
incidence. 

Although the examples of this specification relate to milk fijom cows there is no 
reason to doubt that the processes and products described are equally applicable to milk 
from any mammalian source which is fit for human consumption. 

EXAMPLE 1: Finnish and Samoan Diets fed to NOD mice. 

Based on these observations we have assessed the effect of human infrmt diets given 
to 1 year old normal Finnish children (who have a subsequent risk rate of diabetes of 
40/100,000/yr in fhc following 15 years), and similar diets collected from Samoan 
children (in which the subsequent expected diabetes incidence is <l/100,000/yr) on the 
diabetes prone NOD mouse. 

Diets from Finnish and W. Samoan children were collected from 10 children fmm 
each location. The children were 10-14 months old. The families were cooperative 
middle-class and the collections were siq)ervised by a trained dietitian, who also asked the 
parents to provide a record of the types and quantities of food given. 

As each portion of food or drink was given to the infant a similar quantity was 
placed in a container. This was kept frozen until a total of 10 days equivalent food was 
collected. Thereafter the food was freeze dried and tiien shipped to New Zealand. The 
food was sterilized by gamma radiation before being given to the mice. 

CMdren in these two groups consiuned <100ml and >500 ml of cows milk per day 
respectively in Samoa and Finland. 

The diets were then fed to groups of NOD mice from weaning either as the sole 
dietary or as a 10% w/w addition to a soy based infant formula Prosobee™ previously 
shown not to cause diabetes in this strain of mouse. The diabetes incidence in the 
succeeding 250 days was then assessed. The results are shown in Table 2. The Finnish 
diet is more (about threefold) diabetogenic than the Samoan diet and this corresponds 
approximately to the relative proportion of cows milk in the two diets. 
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TABLE 2 

Effect of duplicate infant diets from Finland and 
Western Samoa on diabetes incidence in NOD mice 
fed these diets from weaning. 



Diet 


No. of 
Animals 


No. of 
Animals 
Developing 
Diabetes by 
250 days 


% 


1 

"p" Value 

(Fisher Exact Test) 


1 a) Western Samoan diet 


24 


14 


58 


avb 


b) Finnish diet 


20 


16 


80 


0.112 


2 a) 10% Western Samoan diet in 
Prosobec™IF 


43 


4 


9 


avb 
.007* 


b) 1 0% Finnish diet in Prosobee™ IF 


39 


13 


33 




3 Prosobee™ IF alone 


33 


0 


0 


Prosobee™ IF v2a . 1 13 
Prosobee™ IF v2b OOQ* 



The "p" value is the statistical estimate of the strength of the observation that there is 
a difference between the two groups. In general a "p" value of less than .05 is accepted 
as highly significant, and has been asterisked. The other symbols in each box refer to the 
comparison being made e.g. in the first box "a" refers to la i.e. the proportion 14/24 and 
the symboW to the proportion 16/20 the "v" is merely "versus". In this mstance the p 
value of 0. 1 12 means that this result could have arisen by chance 1 1 .2 times out of 1 00. 
IF means infant formula. 

EXAMPLE 2: NOD mice fed hydrolysed casein and casein 

Similar groups of mice were fed a diet whose sole nitrogen source was hydrolysed 
casein or casein itself. Only the casein fed mice developed diabetes (Table 3). 

TABLES ^ . .. 

Effect of casein hydrolysed infant formula (PregestimiF") and similar 
intact S infant^formula (Portagen'M) diabetes mcdence 
in NOD mice fed these diets from weanmg 



1 Type 


No. of 
Animals 


No. of Animals 

Developing 

Diabetes 


Percentage 


"P" Value 
(Fisher Exact 
Test) 


1 Hydrolysed 
1 casein 


49 


1 


2 


.001* 


Intact casein 


29 


8 


28 
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EXAMPLE 3: NOD mice fed A, and Aj variants of cow p-casein and wliey proteins 

Similar groups of mice wctc fed a diet of the soy infant formula Prosobee™ and 
10%W/Wof: 

a) fi-casein Al variant, 

b) fi-casein A2 variant, 

c) whey, 

d) Bos indicus casein, or 

e) a 50/50 mixture of B-casein A 1 variant'A2 variant. 

The subsequent diabetes incidence in the groups is shown in Table 4. The 6-casein 
Al variant precipitated diabetes in 9 or 20 cases, the A2 variants in no cases and the 
A1/A2 mixture in 4 of 20 cases. The result mid-way between tiie Al and Al alone results 
is consistent with there being no interaction between Al and A2. Only seven percent of 
the whey protein fed mice developed diabetes.. 

TABLE 4 

EfTect of bovine B-casein Al and A2 variants and whey proteins on diabetes 
incidencein NOD mice fed these proteins as 10% additions to Prosobee™ 

infant formula from weaning 



a) 10% p-casein 
Al variant 



Number 
of 

Animals 



20 



Number of 
Animals 
Developing 
Diabetes by 250 



Percentage 



45 



"P" Value 
(Fisher Exact 
Test) 



avb .001* 
avc .003* 



b) 10% p-casein 
variant 



18 



0 



0 



bvcN.S. 



c) 10% whey 



29 



d) 10% Bos 
indicus casein* 



20 



bvd N.S 



e) 10% P-casein 
A1/A2 variants 



20 



20 



(equal mixture) . ■ , 

* Known to contam only the A2 variant (see Example /) 



From the animal experiments in Examples 1 to 3 it can be concluded that mixed 
dairy casein is diabetogenic in the NOD mouse and that this property resides in the fi- 
casein Al variant. 
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EXAMPLE 4: Acid urea method for typing milk for p-casein variant. 

The polyacrylamide gel electrophoresis (PAGE) was carried out on a Biorad Mini 
Protean H system (supplied by Biorad Laboratories, Hercules, California, USA). The 
melhod separates quaUtatively variants of p-casein by net charge and molecular weight. 

All the reagents are analytical grade unless otherwise stated. 

28.5 ml of glacial acetic acid was diluted to 500 ml with deionised water (MiUi-Q 
water) to make the buffer. 500 ml of buffer was used per nm. 

Acid Urea Stacking Gel Solution 

The acid urea stacking gel solution was made up by weighing up the following 
reagents and dissolving them in Milli-Q water to approximately 80 ml. The pH was 
adjusted to 4. 1 with acetic acid and made up to 100 ml in a measuring cylinder. 

36.04 g urea 

6.0 g acrylamide/bis premix (5% C) Serva 

0. 1 13 g ammonium acetate 

0.178 g thiourea 

1.48 ml glacial acetic acid 

Acid Urea Resolving Gel Solution 

The following reagents were dissolved in Milli-Q water to approximately 130 ml, 
the pH adjusted to 3.86 with acetic acid and made up to 150 ml in a measuring cylmder. 

9.75 g Acrylamide/bis premix (5% C) Serva Research Grade 

40.36 g urea 

9.48 ml glacial acetic acid 

0.72 g ammonium acetate 

0.26 g thiourea 

Acid Urea Sample Buffer 

An acid urea sample buffer was made up by weighing out tiie foUowing reagents and 
dissolving them in approximately 350 ml of MiUi-Q water. The pH was adjusted to 4. 16 
with acetic acid and the volume made up to 400 ml. 



163.18 g 
6.69 ml 
0.451 g 



urea 

glacial acetic acid 
ammonium acetate 
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A solution of Bromophenol Blue (0.4 w/v) was made up by dissolving 1.6 gms of 
bromophenol blue with 6.8 ml of NaOH (0. 1 m). This was then made up to 400 ml with 
Milli-Q water. 

A distaining solution was made up by mixing 8 Utres of Milli-Q water, 1000 ml of 
glacial acetic acid and 1000 ml of isopropanol. 

A Coomassie blue R stain was made up by dissolving 1.00 gms of brilliant blue R 
in 500 ml isopropanol, adding 200 ml of glacial acetic acid and making up to 2 litres with 
Milli-Q water. The solution was covered with a gas tight chng wrap and stirred overnight. 
The stain was filtered using a Buchner funnel and Whatman number 1 filter paper. 

The resolving gel solution was placed between the glass plates of an electrophoresis 
apparatus. The stacking gel was also placed between the glass plates and aUowed to 
polymerise according to known techniques. 

The P-casein variant samples were added in 25 \il aliquots to 750 ^l of sample 
buffer. 10 \il of 2-mercaptoethanol was added and the samples allowed to stand at least 
one hour at room temperature or 4»C overnight. The samples were run in sample slots. 
The samples were injected by syringe. 

The power pack of tiie apparatus was set to deliver: 



Program = TA^-H 

Current = 70 mA 

Field strength = 210 V 

Watt power = 6.5 

Time = 1 hour for 2 gels 

After the running time of one hour the power pack was turned off and the power 
cables disconnected. The gel was pealed off the plate of the apparatus into the container 
of stain (approximately one hour). After distaining in distaining solution (less than one 
hour) the gel container was put onto a Ught box and a photograph taken to identify the 
bands. 

The bands as photographed are shown in figure 1. The samples in the lanes are 
identified. The banding pattern for P-casein variant proteins on an acid urea PAGE gel is, 
starting from the top, A3 variant, A2 variaat, Al variant and B variant. 

EXAMPLE 5: Reverse Phase HPLC and Mass Spectromatic Analysis Method 
of Typing Milk for P-Casein Variant 

P-casein variants in milk may be typed using the method of Visser et al (1995). In 
Visser's paper the F variant was identified by using reversed phase HPLC followed by 
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electrospray ionisation and fast atom bombardment to detennine molecular weights and 
characterize the amino acid substitutions in the protein. The other variants can be 
determined using the same techniques. 

EXAMPLE 6: Direct Genotyping of Cows or Bulls 

DNA extracted from frozen bull semen was directly sequenced by polymerise chain 
reaction (PCR) to detect the sequences for bovine fi-casein variants according to the 

method of Lien et al (1992). 

Semen containing the non-diabetogenic alleles detected can be used in a breeding 

programme. 

EXAMPLE 7: Separation of p-casein Al and A2 variants 

1. Phenotype Identification 

Cows (Bos teunis) homozygous for Ae P-casem variant Al and A2 genes (P-casein 
AlAl and A2A2 phenotype cows) were identified by polyacrylamide gel electrophoresis 
(PAGE) of milk sanq>les from individual cows using the acid urea gel system as described 

in Example 4. ^ ^ ii. 

Samples of New Zealand casein (Alacid 710tm) and casein prepared from the milk 
supplied from a herd of AustraHan Bos indicus cows were also subjected to PAGE as 
described above in Example 4. Alacid 710tm casein is manufactured from bulk 
New Zealand milk, which m turn is produced from many thousands of cows of different 

p-casein phenotypes. j -t.atm 

The relative amounts of the different genetic variants of P-casem m Alacid 710 
casein were detemiined by computing densitometry in a method described by Hill (1993) 
and Singh and Creamer (1991). The results are tabulated in Table 5. 

TABLES 



B-casein Variant 


% Amount in Alacid 710 


Range (N=9) 


Al 


40.0 


38.4-41.4 


A2 


51.5 


48.1-53.3 


B 


7.5 


6.5-8.5 


A3 


1.0 


0.2-1.7 



The AustraHan Bos indicus casein was found to contain only the P-casein A2 variant. 



wo 96/14577 



- 12- 



PCT/NZ95rtM)114 



2. Milk Production, Segregation and Collection 

From a total of 3183 cows located on 25 large farms in the Manawatu and Waikato 
regions of New Zealand, approximately 400 cows were selected and placed on a single 
farm as a mixed herd such that the p-casein Al Al and A2A2 phenotype cows in this herd 
were subjected to identical farm management and feeding practices. Milk supplied from 
either p-casein AlAl or A2A2 phenotype cows was segregated by the use of dual milk 
lines situated in the farm milking parlour and collected in separate refrigerated vats 
essentially as described by Hill (1993). The bulked p-casein AlAl and A2A2 phenotype 
milks were then pumped into separate compartments of milk tanker before tankering to 
the New Zealand Dairy Research Institute Pilot Plant. 

3. Casein Manufacture 

Lactic casein was manufactured in the New Zealand Dairy Research Institute Pilot 
Plant from the P-casein AlAl and A2A2 phenotype bulk milks using methods essentially 
identical to tiiose used in a standard New Zealand commercial lactic casein manufacturing 
dairy factoiy (see Muller, 1986). These caseins together with other constituents were then 
used in the feeding trials as described in Examples 2 and 3. 

EXAMPLE 8: Immunostimulating Peptides from P-casein 

Partially hydrolysed mixed caseins containing a variety of peptides are also 
diabetogenic, whether given in soy formula in the diet or by injection into mice fed on the 
soy formula. This suggests that the intact casein molecules may not be necessary for the 
diabetogenic action. Among the peptides resistant to hydrolysis is the hexapeptide 
Pro-Gly-Pro-Ile-His-Asn shown in Figure 2. 

Peptides of 6-casein have been found to stimulate the human immune systems 
(Meisel and Schlimme, 1990; Fox and Flynn, 1992). MHamiel Jzairi et al (1992) have 
shown that there is a specific binding site on the human macrophage for the 
immimostimulating peptide Val-54 to Tyr-59 from human B-casein. Although the 
hexapeptide Pro-63 to Asn-68 from bovine B-casein (highlighted in the complete B-casein 
Al variant amino acid sequence shown in Figure 2) has been found to stimulate the 
phagocytic activity of murine macrophages (Migliore-Samour et al, 1989) the binding of 
this peptide to human macrophages has until now not been demonstrated. 

Using the method described by MHamiel Jaziri et al (1992) the human macrophage 
binding of the bovine peptides Pro-63 to Asn-68 (from the fi-casein Al and A2 variant 
sequences) were studied and compared with the binding of the peptide Val-54 Tyr-59 
from human fi-peptide to each of a normal human macrophage and a prediabetic human 
macrophage. The results are set out below in Table 6. They show that both bovine Al 
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and A2 and human hexapeptides bind specificaUy both to normal human macrophages and 
to prediabetic macrophages, implying some immune function. 

With the small numbers involved (three subjects in each group) the "prediabetic" 
macrophages bind the peptides with an avidity order of Al>A2>human, whereas the 
normal macrophages bind Al=A2=human. A2 is bound to the same extent by normal and 
prediabetic macrophages. This means that the prediabetic macrophages are more likely 
than normals to present the Al peptide to the immune system, which may account for the 
higher levels of antibody to die Al casein variant found in newly diagnosed diabetics. 

TABLE 6 

Binding of tritiated hexapeptides to PB monocyte^acrophages 
(+ Glucose, NaN3, Captopril, Benzylsuccinate, Elastatmal) 



NORMAL PBM (N= 


3, 


Peptide 1 


CPM 


Ratio */** 


Human 


2750* 


1.2 


Bovine Al 


2220** 


A2 


2900 


r PRE] 


DIABETIC PBM (N=3) 


1 Human 


1400* 


0.31 1 


1 Bovine Al 


4500** 


1 A2 


2750 



The 6-casein A3. D and E variants each contain an identical hexapeptide sequence 
between Pro-63 and Asn-68 to tiiat found in the B-casein A2 variant (proline at position 
67), however the B-casein Al, B, C and F variants proline-67 is substitiited by a histidme 
residue. 

Antibodies to mixed caseins are found at higher levels in newly diagnosed diabetics 
(IDDM) than in normal controls (Figure 3) and this difference appears to reside m the 
higher levels of antibodies directed against Al ratiier than A2 caseins in the diabetics. 
Testing of the antibodies was done by Enzyme Immuno-Assay. In this the caserns are 
bound to tiie wall of a plastic container and the serum containing die antibodies then 
brought into contact with tins bomid casein. After incubation the serum is decanted and 
any antibody present will have become bound to the casein. This bound antibody is then 
measured by a colour reaction. 

From the above it can be concluded that cows milk P-casein Al variant is 
diabetogenic in the NOD mouse whereas die P-casein A2 variant is not. A digestion 
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resistant fiagment of these caseins can bind to antigen presenting cells in humans and in 
the case of diabetics an increased response to the p-casein Al variant can be observed. 

Together with the epidemiological observations on the difference in diabetes 
incidence in children receiving large amounts of P-casein Al and A2 variants such as 
found in the Finish diet compared with those receiving only a P-casein identical with A2 
variant, (the Maasai), it is likely that P-casein Al variant is the principal moiety in cows 
milk which is diabetogenic in humans. 

EXAMPLE 9: The Measurement of Anti-Casein Antibodies in Newly Diagnosed 
Diabetics and Age Matched Normals 
Antibodies were measured by an ELISA technique utilising immunoglobulin G 
subclass measurement to develop the class specific antibody levels. 



TABLE? 

Levels of Antibodies to Purified Al and A2 Beta Casein Classified by Subtype of IgG 



Diabetics are at onset (children age 1-12 yr) || 


normals (age matched) 


Diabetic 




Nor« 


nal 




IgG class 


1 


2 


3 


4 


1 


2 


3 


4 


(OD) 


















m Al 


.086 


0 


0 


0 


0 


0 


0 


0 


A2 


.072 


0 


0 


0 


0 


0 


0 


0 


#2 Al 


.029 


0 


.038 


0 


0 


0 


0 


0 


A2 


0 


0 


.022 


0 


0 


0 


0 


0 


#3 Al 


.106 


.048 


.138 


.610 


0 


0 


0 


0 


A2 


.045 


.056 


.104 


.529 1 


1 0 


0 


0 


0 


#4A1 


0 


0 


0 


0 


0 


0 


0 


0 


A2 


0 


0 


0 


0 


0 


0 


0 


0 


#5 Al 


.021 


0 


.237 


0 


0 


0 


0 


0 


A2 


0 


0 


.250 


0 


0 


0 


0 


0 


#6 Al 


.098 


.042 


.025 


1.374 


0 


0 


0 


0 


A2 


.052 


.022 


0 


1.110 


0 


0 


0 


0 


#7A1 


.075 


0 


0 


.165 


0 


0 


0 


.083 


A2 


.057 


0 


0 


.099 


0 


0 


0 


.052 
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|#8A1 


.128 


0 1 


.028 


.219 


0 


0 


0 


0 


A2 


.068 


0 1 


0 


.066 


0 


0 


0 


0 


#9A1 


.210 


.049 


.195 


.397 


0 


0 


0 


.03 


A2 


.197 


.043 1 


.155 


.397 


0 


0 


0 




#10 Al 


.669 


0 


.286 


.539 


0 


0 


0 


0 


A2 


.606 


0 1 


.272 


.525 


0 


0 


0 


0 


mi Ai 


0 


0 1 


.171 


.162 


.249 


.041 


.213 


.052 


1 A2 


0 


0 I 




171 


.272 


.043 


.174 


.044 


|#12 Al 


.045 


0 


^061 


~039 


.372 


0 


.385 


.233 


A2 


0 


0 


.046 


0 


.256 


0 


.362 


.031 


#13 Al 


.023 


"o 


.066 


0 


.051 


0 


.026 


0 


A2 


0 


0 


.046 


0 


.04 


0 


.026 


0 




0 


"o 1 




"o 


0 


0 


.056 


.021 


#14 Al 


0 






A2 


0 


0 


0 


0 


0 


0 


.051 


0 


#15 Al 


.042 


0 


1 .124 


.035 


.083 


0 


.242 


.129 


A2 


.054 


0 


.114 


.036 


.071 


0 


.246 


.129 


#16 Al 


.154 


0 


.234 


.061 


0 


0 


.092 


0 


A2 


.106 


0 


1 .234 


.051 


0 


0 


.103 


0 


#17 Al 


.132 


.069 


.285 


.139 


.073 


0 


.147 


.079 


A2 


.097 


.052 


.254 


.153 


.063 


0 


.109 


.025 


#18 Al 


.076 


0 


.131 


.059 


.075 


0 


.116 


.029 


A2 


.062 


0 


1 .108 


.049 




n 


109 


.025 


#19 Al 


.049 


0 


.056 


.023 


.044 


.056 


.056 


.097 


A2 


.051 


0 


1 .050 


.020 


.034 


.046 


.052 


.091 


#20 Al 


.149 


0 


.220 


.077 


1 '^^'^ 


304 


.333 


.294 
.273 


A2 


.106 


0 


1 .188 


.056 


1 .227 


.277 


.325 



Best discriminant is IgGl+S against Al beta casein 18/20 v 9/20(p=.003) 



IgG2+4 



13/20 V 9/20(p=.204) 
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The ratio of response of IgGl+3 to the two beta caseins also appears to be different 
between diabetics and normals with those of the diabetics being higher, 

(9/20 diabetics have a ratio of > 1,3 whereas 0/20 have this high a ratio among the 
normals (p=.001) 

IgG (1+3) represents a Thl Chelper') response whereas (IgG+4) represents a Th2 
('suppressor') response. 

From this data it appears likely that diabetics more often than normals: 

1) mount an immune response to beta caseins, 

2) that these are more often an IgGl+3 response than a IgG2+4 response, and 

3) that these responses are more often directed to Al beta casein than the A2. 
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CLAIMS: 



1 A method of selecting milk for feeding to diabetes susceptible individuals 
which comprises testing milk from identified cows for the presence of variants of P-casein 
and selecting those cows whose milk contains any non-diabetogenic variant and does not 
contain any diabetogenic variant, and milking separately Ihe non-diabetogenic variant milk 
producing cows and recovering and maintaining their milk separately from milk from any 

other source. • ^ • 

2. A method as claimed in claim 1 wherein said non-diabetogemc variant is the 

A2 variant of 6-casein. • *;„*i,o 

3. A method as claimed in claim 1 wherein said non-diabetogemc vanant is the 

A3 D or E variant of B-cascin. 

' 4. A method as claimed in any one of claims 1 to 3 wherein said diabetogemc 
variant is the Al variant of fl-casein. ^ u ^ 

5. A method as claimed in any one of claims 1 to 3 wherem said diabetogemc 
variant is any one oftheB.C and F variants. u ■ .iA 

6 A method as claimed in any one of Ihe preceding clamis wherem said 
recovered milk is tested for &e presence of any diabetogenic variant and discarded 

" Amethodasclaimedinanyoneoftheprecedingclaimswhereinsaidmethod 

of testing comprises polyaciylamide gel electrophoresis using an acid urea gel. 

8. Amethodasclaimedinanyoneofclaimsltoewheremsaidmethodoftestmg 

comprises the use of mass spectrometry. 

9. A method as claimed in claim 8 wherein said mass spectrometry comprises 

electrospray ionisation mass spectrometry. 

10 A method as claimed in claim 8 wherein said mass spectrometry comprises fast 
atom bombardment mass spectrometry. • ^aec 

11 A method according to claim 9 in which said electrospray lomsation mass 
spectrometry is followed by fast atom bombardment mass spectrometty. 

12 A method as claimed in any one of the preceding claims wherem said process 

includes the additional step of processing said milk into milk products. 

13. Milkselectedandrecoveredaccordingtotheprocessofanyoneofclamis 1 



to 11. 
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14. A non-diabetogenic milk product prepared by a process as claimed in claim 12. 

15. A method for reducing the risk of contracting type 1 diabetes in a susceptible 
individual which comprises restricting the milk or milk product intake of that individual 
to milk as claimed in claim 13 or a milk product as claimed in claim 14. 

16. A method as claimed in claim 15 wherein said susceptible subject is an infant 
or young child. 

17. A method of selecting milk for feeding to a Type-1 diabetes susceptible 
individual which comprises testing milk from identified cows for the presence of the 
hexapeptide Pro-Gly-Pro-Ile-His-Asn, or a protein fragment containing the hexapeptide 
Pro-Gly-Pro-Ile-His-Asn and selecting those cows whose milk does not contain said 
hexapeptide or said protein fragment containing said hexapeptide, and milking separately 
the cows whose milk does not contain tiie said hexapeptide or said protein fragment 
containing said hexapeptide and maintaining their milk separately from milk from any 
otiier source. 

18. A method as claimed in claim 17 v^erein said separated milk is also tested for 
tiie presence of said hexapeptide or said protein fragment containing said hexapeptide and 
any milk which does contain said hexapeptide or said protein containing hexapeptide is 
discarded. 

19. A method as claimed in either claims 17 or 18 wherein said method of testing 
for said hexapeptide is by using chromatographic purification of said hexapeptide 
followed by amino acid sequencing. 

20. A method as claimed in any one of claim 17 to 19 wherein said process 
includes the additional step of processing said milk into milk products. 

2 1 . Milk selected and recovered according to the process of any one of claims 1 7 
to 19. 

22 . A non-diabetogenic milk product prepared by a process as claimed in claim 20. 

23. A metiiod for reducing the risk of contracting type 1 diabetes in a susceptible 
individual which comprises restricting the milk or milk product intake of that individual 
to milk as claimed in claim 2 1 or a milk product as claimed in claim 22. 

24. A method as claimed in claim 23 wherein said individual is an infant or young 
child. 

25. A method for selecting breeding cows which produce daughters whose milk 
is not diabetogenic to susceptible individuals which comprises determining the genotype 
of said cows and selecting those whose daughters produce milk which does not contain 
the diabetogenic factor present in P-casein. 
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26. A process for selecting breeding bulls which produce daughters whose milk 
does not contain tiie diabetogenic factor present in P-casein which comprises determining 
the genotype of said bulls and selecting those which daughters which produce milk which 
does not contain the diabetogenic factor present in p-casein. 

27 A process as claimed in claim 26 wherein selecting of daughters to deteimme 
the genotype of said bull is done by testing the milk of said daughters for absence of 
diabetogenic variants of p-casein and the presence of non-diabetogenic variants of p- 
casein 

28 A process as claimed in claim 25 or 26 wherein selecting said cows or bulls are 
genotyped directly by using an appropriate probe and a polymerase chain reaction. 

29. Amethodasclaimedinanyoneofclaims25to28whereinsaiddiabetogemc 

factor is the A 1 variant of 6-casein. . , ^. 

30. A mefliod as claimed in any one of claims 25 to 28 wherein said diabetogemc 

factor is any one the B, C and F variants of B-casein. ^. ^ . 

31. Ame&od as claimed in any one of claims 25 to 28 wherem said diabetogemc 
factor is the hexapeptide Pro- Gly- Pro- He- His- Asn. 

32 Cows and their progeny selected in accordance with the method accordmg to 
any one of claims 25 and 28 to 3 1 when dependent from other than claim 26. 

33. Bulls andAeirpiogeny selected in accordance with the method ofany one of 

claims 26 and 27 to 3 1 when dependent upon other than claim 25. 

34 Semen of buUs and their progeny as claimed in claim 33. 

35* Milk as claimed in claim 13 or 21 or a milk product as claimed in clmm 14 or 
claim 22which is goafs milk or milk product sheep'smilk or milk product, b 

or milk product, or milk or milk product from any other mammal which is fit for human 

A milk product as claimed in any one of claims 14, 22 and 35 which is milk 
protemconcei^^^^^^ 

38*. A food composition containing a milk product as claimed in either clami 36 or 



37. 
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